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Abstract

Streptococcus spp. are a source of morbidity and mortality in captive non-human primate
populations. However, little is known about the lesions associated with naturally occurring
streptococcal infections in baboons (Papio spp.). The pathology database of the Southwest
National Primate Research Center was searched for all baboon autopsies from 1988 to 2018 in
which Streptococcus spp. were cultured. Baboons on experimental protocol were excluded. The
gross autopsy and histopathology reports were reviewed. Archived specimens were retrieved and
reviewed as needed for confirmation or clarification. Fifty-six cultures were positive for
Streptococcus spp. in 54 baboons with evidence of bacterial infection. Associated gross lesions
included purulent exudate, fibrinous to fibrous adhesions, hemorrhage, mucosal thickening,
organomegaly, and abscessation. Histologic lesions included suppurative inflammation,
abscessation, necrosis, hemorrhage, fibrin accumulation, and thrombosis. Lungs and pleura (n=31)
were the most commonly infected organ followed by the central nervous system (n=16), spleen
(n=15), soft tissues (n=12), air sacs, liver, peritoneum, adrenal glands, heart, lymph nodes, uterus,
kidneys, biliary system, bones, ears, umbilical structures, mammary glands, pancreas, placenta,
and salivary glands. Infections by non-beta-hemolytic Strepfococcus spp. predominated in the
lungs and air sacs; the most common isolate was Streptococcus pneumoniae. Infections by beta-
hemolytic Streptococcus spp. predominated in the soft tissues and reproductive tract. Naturally
occurring beta-hemolytic and non-beta-hemolytic Streptococcus spp. infections cause morbidity
and mortality in captive baboon populations. The lesions associated with streptococcal infection
are similar to those reported in human infection. Thus, the baboon may represent an underutilized
model for studying Streptococcus spp. as pathogens.

Katelin Davis, 406 S University St. West Lafayette, IN 47907. Phone: 765-494-7440. Fax: 765-494-9181. Davil325@purdue.edu.
Olga Gonzalez, 8715 W. Military Dr. San Antonio, TX 78227. OGonzalez@txbiomed.org.

Declaration of Conflicts of Interest
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis et al.

Keywords

Page 2

baboon; bacteria; infection; meningitis; pneumonia; primate; splenitis; Streptococcus

Streptococcus spp. cause morbidity and mortality in captive non-human primates (NHP).
Spontaneous streptococcal infections have been associated with upper respiratory disease,
pneumonia, meningitis, sepsis, otitis, ophthalmitis, hepatitis, endometritis, and air sacculitis
in captive NHP populations,34:12.19,22-24,26-28,32,34,39,44,46,51,54,57,58,62-64 | 3 23-year
study on spontaneous death in captive baboons, Streptococcus spp. were a leading cause of
pneumonia, sepsis, and meningoencephalitis.16 However, the detailed description of the
lesions of spontaneous streptococcal infections in baboons dates back more than 45 years
and includes only 2 cases of infant baboons with polyarthritis and meningoencephalitis.”

Pathogenic strains and commensal Streptococcus spp. are a significant cause of human
disease, including meningitis, pneumonia, cellulitis, necrotizing fasciitis, otitis, wound
infection, and bacteremia®-14.18.29.36.60 Continued research is needed for the development of
new vaccines, antibiotics, and treatment regimens for human streptococcal infections.
Baboons are utilized as a translational model of various Streptococcus spp. infections due to
their similarity to humans in terms of susceptibility to infection and the clinical course of
disease.2:25:38:47:49,55,59 The value of baboons as an experimental model and the paucity of
literature on spontaneous streptococcal infections emphasize the need for more studies on
Streptococcus spp. infections in captive baboon populations. Here we present a 31-year
retrospective study of streptococcal infection associated lesions in 54 baboons housed at the
housed at the Southwest National Primate Research Center (SNPRC), Texas Biomedical
Research Institute, San Antonio, TX.

Materials and Methods

Animals

Baboons were housed in two open-top 6-acre metal and concrete corrals with dirt floors,
gang cages with concrete floors, or individual metal cages if special handling was required.
Animals were fed commercial monkey chow (Purina 5 LEO Monkey Diet, Purina Mills, St.
Louis, MO) and supplemented with grains, fruits, and vegetables. Water was available ad
libitum. All procedures were approved by the SNPRC Institutional Animal Care and Use
Committee. Autopsy and histopathology of baboons that died or were euthanized were
performed by board-certified veterinary pathologists. Tissues were fixed in 10% neutral
buffered formalin, processed conventionally, embedded in paraffin, sectioned at 5 pm,
stained with hematoxylin and eosin (HE), and in some cases, Gram stain. Bacterial culture
samples were taken at autopsy or antemortem within 7 days of autopsy. Cultures were
performed by in-house or referral laboratories.

Case selection

The SNPRC pathology database for all baboon autopsies between 1988-2018 was searched
for cases in which a Streptococcus sp. was cultured. Baboons on experimental protocol were
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excluded. The gross autopsy and histopathology reports were individually reviewed.
Archived specimens were reviewed as needed for confirmation or clarification.

Bacterial nomenclature

Bacterial culture results (Supplemental Table S1) are presented as reported by the in-house
or referral laboratories at autopsy or within the 7-day period prior to death. The data
gathered during this 31-year-period overlap a time of major changes in Streptococcus spp.
taxonomy and nomenclature. The current classification system relies on technologies that
were not readily available in the past.1” In order to maintain the integrity and clarity of the
data, the bacterial isolates were designated in the following manner: “non-beta
Streptococcus spp.” include culture reports with S. pneumoniae, S. bovis, viridans
streptococcus, microaerophilic streptococcus, and alpha-hemolytic Streptococcus spp. not
otherwise specified. Isolates designated “beta Streptococcus spp.” include beta-hemolytic
Streptococcus species with Lancefield antigen group A, B, C, G, or F, S. pyogenes, S.
agalactiae, and beta-hemolytic Streptococcus spp. with group not otherwise specified. In
cases in which the hemolytic activity was not indicated on the culture reports, the isolates
were designated as “undetermined.” The current classification of Enterococcus spp. and
Lactococcus spp. as separate from Streptococcus spp. was observed.

Lesion etiology

Results

Lesions were attributed to streptococcal infection if a Streptococcus sp. was cultured from
that tissue. Other tissues in a Streptococcus spp.-positive animal were deemed infected with
Streptococcus spp. if neutrophilic inflammation was present in the tissue and there was no
evidence of a separate cause.

Over the 31-year (1988-2018) period of this study, 54 baboons had Streptococcus spp.
infection detected at autopsy (Supplemental Table S1). In two cases (Cases 26 and 38), two
different categories of Streptococcus spp. (non-beta Streptococcus spp. and beta
Streptococcus spp.) were isolated from two separate culture locations resulting in 56 cultures
positive for Streptococcus spp. Baboons ranged from 4 days to 23.4 years of age; 23 (43%)
were female, and 31 (57%) were male. Twenty-seven baboons were found dead in their
cages, 24 baboons were euthanized due to clinical signs, and 3 baboons (Cases 17, 43, and
49) were euthanized for colony management purposes.

Culture results

Streptococcus spp. culture results are summarized in Supplemental Table S1. In two baboons
(Cases 35 and 47), beta Streptococcus spp. and non-beta Strepfococcus spp. were isolated
from the same site. In five baboons (Cases 11, 23, 36, 42, and 54), the same category (non-
beta Streptococcus spp. versus beta Streptococcus spp.) of Streptococcus spp. were cultured
from two different sites. In six baboons (Cases 2, 32, 38, 44, 46, and 52), the presence of
multiple Lancefield group antigens from a single culture site indicated infection with
multiple beta Strepfococcus spp.
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Of the 56 cultures positive for a streptococcal agent, Streptococcus spp. were the only
isolates in 33 (59%) cases. The remaining 23 (41%) cultures were additionally positive for
bacteria of other genera including Pasteurella multocida (n=T), Staphylococcus aureus
(n=6), Escherichia coli (n=5), Klebsiella pneumoniae (n=3), Enterococcus spp. (n=2),
Morganella morganii (n=2), Haemophilus spp. (n=1), and Lactobacillus spp. (n=1).

Cultured Streptococcus spp. were categorized as non-beta Streptococcus spp., beta
Streptococcus spp., mixed beta and non-beta Streptococcus spp., or hemolytic activity not
reported (undetermined). Tissue distribution and categorization of streptococcal isolates is
summarized in Figure 1.

All baboons in this study had gross lesions at autopsy that included purulent exudate,
fibrinous to fibrous adhesions, hemorrhage, mucosal thickening, organomegaly, and
abscessation (Figures 2—6). All tissues that cultured positive for Streptococcus spp. had
suppurative inflammation histologically. Major histologic diagnoses/findings in tissues
infected with Streptococcus spp. included abscessation, necrosis, hemorrhage, fibrin
accumulation, and thrombosis (Figures 7-10). Thrombosis of small and medium-sized
vessels within areas of intense inflammation and/or necrosis was detected in 18 (33%)
baboons. Gram stain was available for some cases. Chains of gram-positive cocci, consistent
with Streptococcus spp., were associated with regions of intense inflammation in Cases 2,
14,21, 22, 25, 27, 29, 36, 42, and 44. The presence of gram-positive cocci could not be
confirmed with Gram stain in Cases 9, 16, 31, 32, 35, 38, and 49.

Pneumonia was the most common diagnosis with 31 baboons affected. Gross evidence of
pneumonia was present in 21 baboons and included lungs which were dark red, firm, and
non-collapsing, and areas of necrosis or abscessation were variably present. Grossly visible
pleuritis was present in 7 baboons with concurrent pneumonia and was identified by the
presence of purulent material in the thorax and/or fibrinous adhesions between lung lobes
and the parietal pleura. Non-beta Streptococcus spp. were cultured in 19 (61%) baboons and
beta Streptococcus spp. were cultured in 10 (32%) baboons with pneumonia. There were 14
baboons in which the only bacterial lesion was pneumonia and/or pleuritis. Of these, 12
(86%) baboons were positive for a non-beta Streptococcus spp., the most common being S.
pneumoniae (n=10).

There were 16 baboons with evidence of Streptococcus spp. infection of the CNS. Of these,
8 (50%) were less than 4 months of age and 8 (50%) were ages 1 year to 23 years. All
baboons with infection of the CNS had gross evidence of disease which included cloudy
meninges, hemorrhage, purulent material in the calvarium, malacia, and/or abscessation.
Microscopic diagnoses included meningoencephalitis, meningitis, hemorrhage, thrombaosis,
encephalitis, and/or myelitis. Non-beta Strepfococcus spp. were cultured in 7 (44%) baboons
and beta Streptococcus spp. were cultured in 6 (38%) baboons with CNS lesions. Two
animals (Cases 33 and 50) diagnosed with otitis were also diagnosed with meningitis.

Splenitis was diagnosed in 15 baboons. Gross lesions were present in 4 cases and included
splenomegaly and/or abscessation. In all baboons with splenitis, two or more tissues were
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infected with Streptococcus spp. and the most commonly co-infected tissue was the brain
(n=10). Non-beta Streptococcus spp. were cultured in 8 (53%) baboons and beta
Streptococcus spp. were cultured in 8 (53%) baboons with splenitis.

Soft tissue infection which included the skin, muscle, and/or subcutaneous tissues was
diagnosed in 12 baboons. Gross evidence of traumatic skin injury such as laceration, bite
wounds, and/or draining tracts were present in 8 baboons, 6 of which cultured positive for
beta Streptococcus spp. Overall, non-beta Streptococcus spp. were associated with 2 (17%)
baboons and beta Streptococcus spp. were associated with 8 (67%) baboons with soft tissue
lesions.

Air sacculitis was identified in 8 male baboons. Gross evidence of air sacculitis included
purulent material in the air sac, thickening of the membranes, hemorrhage, and/or necrosis.
Two baboons with air sacculitis were euthanized for colony management purposes and air
sacculitis was an incidental finding (Cases 31 and 43). Five cases of air sacculitis had
concurrent pneumonia. Non-beta Streptococcus spp. were associated with 5 baboons, and
beta Streptococcus spp. were associated with 3 baboons with air sacculitis.

Four baboons were diagnosed with metritis and all cultured beta Strepfococcus spp. Two
baboons were post-partum and had evidence of retained placenta either grossly or
microscopically (Cases 42 and 44). In case 46, a mummified fetus was removed by cesarean
section before the animal was euthanized. In case 48, endometriosis was diagnosed in the
uterus, ovary, colon, urinary bladder, and lung.

In conclusion, the most common tissues with evidence of Strepfococcus sp. infection in 54
baboons were the lung and pleura (n=31), CNS (n=16), spleen (n=15), and soft tissue
including skin, subcutis, and the muscle (n=12). Other sites of infection included the air sacs
(n=8), liver (n=8), peritoneum (n=7), adrenal glands (n=6), heart (n=4), lymph nodes (n=4),
uterus (n=4), kidneys (n=3), biliary system (n=2), bone (n=2), ear (n=2), umbilical structures
(n=2), mammary gland (n=1), pancreas (n=1), placenta (n=1), and salivary gland (n=1).

Discussion

Between 1988-2018, 8,567 colony baboons (non-experimental) were autopsied at the
SNPRC and Streptococcus spp. were isolated postmortem from 54 baboons. Only animals
with gross evidence of bacterial infection are cultured at autopsy, therefore, the true
prevalence of Streptococcus spp. infections at the SNPRC is likely higher and represents an
important cause of morbidity and mortality in captive baboon populations.

Over the past 50 years, reports of spontaneous Strepfococcus spp. infection in captive NHPs
have been limited to sporadic outbreaks and individual cases.
3,4,12,19,22-24,26-28,32,34,39,44,46,51,54,57,58,63-65 Cylture results were often reported as
Streptococcus spp. isolates with few reports providing speciation or further characterization.
Furthermore, autopsy findings or histologic descriptions have been inconsistently reported,
so current understanding of the pathology of streptococcal infection in NHPs is limited.
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Literature on beta-hemolytic Streptococcus spp. infections in NHPs is particularly limited
and the description of associated lesions is based on isolated case reports of infection with
Group A Streptococcus spp., S. equi sub spp. zooepidemicus, beta-hemolytic Streptococcus
spp., beta-hemolytic Streptococcus sp. not defined, and an outbreak of S. zooepidemicus
contaminated food source.39:40.44.51.63 |, this study, 23 baboons had beta-hemolytic
Streptococcus spp. infection. Species and groups identified in this study include S.
agalactiae, S. pyogenes, Group F Streptococcus, and cultures with Groups A, B, C, and G
Streptococcus spp. We demonstrate the potential for these beta Streptococcus spp. to cause
disease in the baboon.

It is important to note that 41% of the bacterial cultures were also positive for bacteria of
other genera. We understand the dilemma this may cause in the interpretation of bacterial
culture results. Establishing primary versus secondary infections with Streptococcus spp.
and determining the role of bacteria as either commensal, synergistic, or opportunistic in the
disease process cannot be determined with confidence since the normal resident bacterial
flora in the upper respiratory tract, skin and other tissue compartments of our baboon
population has not been characterized. Additionally, bacterial flora will vary depending on
the water source, food, housing setting, captivity status, and between research institutions.10
Our intention was to present bacterial cultures as reported at the time of collection. We also
recognize that the extent of bacterial isolation and characterization was variable among the
different testing laboratories utilized over the period of this study; therefore, mixed bacterial
isolates may be underreported in some cases.

Gram stain demonstrated chains of gram-positive cocci bacteria consistent with
Streptococcus spp. in some, but not all cases in which Gram stain was performed. We found
that correlation of active inflammatory disease of known bacterial origin (positive culture
results) with presence or absence of bacteria on Gram stain was variable and, in some
occasions, non-contributory. This is similar to other previously described studies.*8

S. pneumoniae is one of the most prevalent pneumonia-causing bacterial pathogens in
captive NHPs.52 We identified 21 baboons with S. preumoniae infection; 14 of these
baboons developed pneumonia. The predominance of S. pneumoniae in this and previous
studies could reflect higher prevalence and pathogenicity; however, our findings suggest that
beta Streptococcus spp. infections can cause similar lesions, are readily cultured, and result
in mortality. The ability to reliably and easily speciate S. pneumoniae based on optochin
sensitivity and bile solubility since the mid 1900’s might explain the more frequent reports
of this streptococcal species as compared to others.® However, misidentification of S.
pneumoniae can occur with laboratory error, optochin resistance, and bile insolubility in
some strains.52 Furthermore, Streptococcus spp. have undergone a number of
reclassifications, nomenclature changes, and identification methods in the last 50 years
which limits the interpretation of historic literature and laboratory culture results that lack
exact methodology.17-31 Regardless of nomenclature conventions, Streptococcus spp.
infections in NHPs and humans share common pathologic features that will be the focus of
the remainder of the discussion with applicable correlations to specific Streptococcus spp. or
groups.
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Streptococcus spp. are well recognized as causes of human respiratory disease. The Centers
for Disease Control and Prevention reports that up to 3 in 10 children and 1 in 10 adults with
a sore throat have a Group A Streptococcus spp. infection. In young children with
pneumonia, S. pneumoniae is the most common isolate.® Human streptococcal infections
typically cause upper respiratory disease that can progress to pneumonia.33 We identified 31
baboons with Streptococcus spp.-associated pneumonia. At the SNPRC, the nasal passages,
tonsils and pharynx are not routinely evaluated in NHP diagnostic cases, so it is unknown if
there was an upper respiratory component to any of the reported cases. Isolates from these
cases included S. pneumoniae, beta Streptococcus spp., and/or non-beta Streptococcus spp.

Streptococcus spp. are important causes of meningitis in humans. Specifically, S.
pneumoniae, S. agalactiae, S. pyogenes, and S. suis have been implicated as important
pathogens with S. pneumoniae accounting for over half of all bacterial meningitis cases in
humans of all ages in the United States.8 In the current study, 16 baboons of all ages had
streptococcal meningitis and two of these cases were likely secondary to otitis. As of 2000,
human infants and children in the United States are routinely vaccinated against
pneumococcus, which has dramatically reduced the incidence of childhood meningitis.
However, in countries where vaccination is not common, S. prneumoniae continues to be a
significant cause of infant and childhood meningitis.3%-36:61 \n humans, S. preumoniae
causes bacteremia and meningitis by first colonizing the upper airways and causing upper
and/or lower respiratory disease.33 We suspect a similar pathogenesis in spontaneous baboon
cases of S. pneumoniae meningitis because eight baboons with meningitis also had
concurrent lower respiratory disease. Whether S. pneumoniae can spontaneously colonize
the upper airways in baboons is unknown; however, experimental colonization of the
pharynx of healthy baboons persisted up to 6 weeks.225

Group B Streptococcus is also a primary cause of meningitis in children, especially in
infants up to 3 months of age. Group B Streptococcus infection in infants can result from /n
utero infection, vaginal exposure during birth, or nosocomial exposure.1:30 We identified
cases of S. pneumoniae and beta Streptococcus spp. in immature baboons, with baboons less
than 4 months of age being over represented in cases of meningitis (8/16, 50%). Infant
baboons at the SNPRC are not vaccinated against pneumococcus and deceased infants
without obvious gross lesions are rarely cultured. Spontaneous streptococcal meningitis may
be under-reported in baboon colonies and may represent an under-utilized model of infant
meningitis.

In women, Group B Streptococcus s a part of normal vaginal flora but has the potential to
result in ascending uterine infections in some pregnant women.1:30 The 4 baboons with beta
Streptococcus spp. uterine infection presented with the following comorbidities: 2 animals
with retained placenta, 1 with a mummified fetus, and 1 with endometriosis. Compromised
uterine lining would likely have disrupted normal pathogen clearance and reproductive flora,
possibly predisposing the animals to ascending infection.3 Streptococcus spp. have been
identified as normal vaginal flora in healthy baboons; however, typing and species
identification was not performed.45:53
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It is well established that the spleen is important in the clearance of invasive streptococcal
infections. Splenectomized or asplenic humans have 50-fold increased risk of developing a
fulminant septic infection with encapsulated bacteria and suffer higher morbidity rates than
patients with a spleen.1543 In a study of invasive S. preumoniae infection, small-dose
intravenous inoculation of mice with S. pneumoniae resulted in a fivefold preferential
sequestration by the spleen compared with the lung and liver within 60 min. This dramatic
splenic sequestration was not observed in similar experiments with S. aureus, E. coli, or P,
aeruginosa. X337 Phagocytosis by resident splenic macrophages and neutrophils is important
in S. pneumoniae clearance within the first 24 hours of infection. Furthermore, a dramatic
influx of circulating neutrophils to the spleen of mice was observed 24 and 48 hours after
inoculation with S. pneumoniae.3 In the current study, neutrophilic splenitis was evident in
15 baboons, all of which had more than one tissue site infected and could be classified as
having an invasive Streptococcus spp. infection.

Streptococcus spp. in humans are associated with skin lesions including pyoderma,
abscesses, surgical site infections, and type 11 necrotizing fasciitis.1820.21.60 Traumatic skin
lesions and/or cellulitis with Streptococcus spp. infection was observed in 12 baboons. Beta
Streptococcus spp. have been cultured from the skin, eyes, throat, nares, and gastrointestinal
tract of healthy baboons.>11:41 Although the specific species and pathogenicity of these
isolates were not explored, this suggests that some beta Streptococcus spp. may represent
normal flora in baboons, with the ability to be opportunistic pathogens.

Bacterial species, strain, and virulence factors can have major implications for streptococcal
pathogenicity and virulence in humans.1:8:2942 Human streptococcal isolates are well-
defined via molecular characterization and genetic sequencing resulting in multiple levels of
sub-speciation and serological characterization.1” The advanced sequencing and typing
techniques that are routine in human cases are rarely if ever performed at NHP breeding
facilities or zoos. More information regarding the pathogenicity of specific Streptococcus
spp. in NHP populations may become available as advanced diagnostic techniques become
more readily available and affordable in the diagnostic setting. Regardless of specific species
and serotypes, a number of similarities in the lesions in NHP and human streptococcal
infections are apparent and highlight the relevance of the baboon as a model for vaccine
development.30-56 Furthermore, we demonstrate the pathogenicity and potential for
disseminated disease in multiple different Streptococcus spp. in captive baboons.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Streptococcus spp. categories and infected tissues. Tissues with evidence of Streptococcus

spp. infection in 54 baboons are sorted by prevalence and category of Streptococcus spp.
cultured. Beta includes beta Streptococcus spp. and is represented by the black bar, non-beta
includes non-beta Streptococcus spp. and is represented by the grey bar, mixed includes beta
and non-beta Streptococcus spp. and is represented by the striped grey and black bar, and
undetermined includes Strepfococcus spp. with hemolytic activity not reported and is
represented by the white bar. Soft tissue includes skin, subcutis, and skeletal muscle. Biliary
system includes biliary duct and gall bladder. CNS, central nervous system.
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Figure2:
Purulent lobar bronchopneumonia, lung, baboon, case 24. The infected lung at left is

swollen, wet, and dark red to black compared to the non-infected lung at right. The culture
yielded Streptococcus pneumoniae.
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Figure 3:
Purulent meningoencephalitis, brain, baboon, case 33. The meninges of the ventral brain

stem are expanded by cloudy tan to white, purulent exudate. The culture yielded beta-
hemolytic Streptococcus spp.
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Figure 4:
Purulent myositis, skeletal muscle, baboon , case 26. Skeletal muscle of the ventral left thigh

is soft, green to black, and oozes cloudy, purulent fluid on section. The culture yielded beta-
hemolytic Streptococcus spp.
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Figure5:
Abscesses, spleen, baboon , case 36. The spleen is enlarged. On cut section, multifocal to

coalescing nodules exude white to green purulent fluid. The culture yielded beta-hemolytic
Streptococcus spp. and Pasteurella multocida.
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Figure6:
Purulent air sacculitis, air sacs, baboon , case 27. Thick, tan exudate is adhered to the

mucosa with pooling of purulent, tan fluid in the air sacs bilaterally. The culture yielded
non-beta-hemolytic Streptococcus spp. and Escherichia coli.
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Figure7:
Necrosuppurative bronchopneumonia, lung, baboon , case 24. Airways and alveoli are filled

with inflammatory infiltrates, necrotic cellular debris, and fibrin. The culture yielded
Streptococcus pneumoniae. Hematoxylin and eosin (HE).
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Figure8:
Suppurative meningoencephalitis, brain, baboon , case 11. The meninges are markedly

expanded by intense inflammatory infiltrates. The culture yielded Streptococcus
pneumoniae. HE.
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Figure9:
Suppurative splenitis, spleen, baboon , case 12. Neutrophils infiltrate the splenic red pulp.

The culture yielded Streptococcus pneumoniae. HE.
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Figure 10:
Suppurative metritis, uterus, baboon , case 42. The lumen of the uterus contains intense

inflammatory infiltrates, hemorrhage, fibrin, and colonies of basophilic bacteria. The culture
yielded beta-hemolytic Strepfococcus spp. HE. Inset: chains of gram-positive cocci are
associated with the epithelium. Pleomorphic gram-negative bacteria are also present. Gram
stain.
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